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Introduction
   The U.N. Intergovernmental Panel on Climate 
Change (IPCC) published its Fourth Assessment 
Report in 2007, concluding that warming of the earth's 
climate system is unequivocal, as is now evident from 
observation data on all continents and most oceans. 
Most of the global warming is very likely due to 
anthropogenic greenhouse gas increases, it says. With 
current climate change mitigation policies and related 
sustainable development practices, global GHG 
emissions will continue to grow over the next few 
decades, the report notes. Continued GHG emissions 
at or above current rates would cause further warming 
and induce many changes in the global climate system 
during the 21st century that would very likely be 
larger than those observed during the 20th century, 
it says, warning that anthropogenic warming and sea 
level rises would continue for centuries even if all 
GHG emissions are stabilized. (http://www.ipcc.ch/
pdf/assessment-report/ar4/syr/ar4_syr.pdf)
   The report also says the frequency of heavy 
precipitation events has increased substantially on 
climate changes caused by the global warming1]. 
The number of short-lived heavy rain events with 
an hourly precipitation of 50 mm or more has been 
increasing in Japan, although the increase indicated by 
data for the limited period of 30 years in Japan cannot 
necessarily be attributed to global warming. In such 
events, rains grow heavier so fast that fast-flowing 
urban rivers and narrower, shorter ones swell rapidly 
and cause heavy disasters. For example, the Toga 
River in Kobe, Hyogo Prefecture, swelled rapidly and 
caused a flood disaster in 2008. In Toshima Ward 
in Tokyo in the same year, water quickly increased 
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in sewage pipes, bringing about a flood disaster. 
Localized heavy rains may increase water in sewage 
facilities beyond their capacity, causing flood damage 
on subways or underground malls. Flood damage 
on such underground facilities has grown likelier. In 
order to provide warnings about these kinds of large-
scale flood disasters, the Central Disaster Prevention 
Council announced a report on January 23, 2009, 
predicting that if a heavy flood that may come once 
in 200 years hits the Arakawa River, which flows 
through Saitama and Tokyo Prefectures, and destroys 
the right bank of the river, many subway lines in 
central Tokyo may be swamped.[2]
   Weather factors that cause heavy rains include 
typhoons, atmospheric depressions, rainy season 
fronts and autumn rain fronts. This report discusses 
technology for observing and forecasting localized 
heavy rains brought by cumulonimbus clouds 
accompanying summer fronts. Cumulonimbus clouds 
are also accompanied by lightning. For lightning 
disasters, see “Anti-lightning Measures That Should 
Not Be Forgotten for Building Safe, Secure Society,” 
Science and Technology Trend Journal, April 2007.
Features of Rains over Recent 
Years   
   Regarding global rainfall changes, the JMA 
Meteorological Research Institute’s “Basic Knowledge 
about Global Warming” says precipitation on heavy-
rain days (the annual top 5% of heaviest-rain days) has 
tended to increase its share of total annual precipitation 
in many onshore regions for which observation data 
have been available for some 50 years. The tendency 
has grown clearer over recent years. The book also 
says that heavy rains have grown more frequent in 
regions where total precipitation has declined.[3]
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   Precipitation in Japan also features the increasing 
frequency of localized heavy rains. Figure 1 indicates 
the annual number of heavy rain events with an hourly 
precipitation of 50 mm or more as observed by the 
Automated Meteorological Data Acquisition System 
(AMEDAS). The number of AMEDAS observation 
points in Japan increased from about 1,100 in 1976 
to 1,300 in 1979. In order to exclude the impact of 
changes in the number of observation points, Figure 
1 shows the annual number of heavy rain events 
for 1,000 points. From the 1976–87 decade to the 
1998–2007 decade, the frequency of heavy rains 
increased some 1.5-fold. According to the JMA’s 
rainfall intensity classification, the hourly precipitation 
of 50 mm represents very heavy rains that could 
cause many disasters by drowning basements and 
underground malls in urban regions.
    Figure 2 indicates major meteorological observation 
points that rewrote maximum hourly precipitation 
records between January 1 and August 31, 2008. This 
shows that heavy rains occurred at various points 
throughout Japan. On August 5, 2008, for example, 
localized heavy rains accompanied by lightning hit 
Tokyo from the late morning. In Toshima Ward, 
five sewer workers were washed away through 
sewage pipes and killed. Weather conditions at that 
time follow: In the Kanto Region on August 5, a 
front stayed with a moist south wind, destabilizing 
the atmosphere. Cumulonimbus clouds emerged at 
various points in the Kanto Region. Cumulonimbus 
clouds came out in the western part of Tokyo’s 
23 special wards in the late morning and moved 
northwestward while growing larger. Later, many 
cumulonimbus clouds moved northward from the 
south, bringing about heavy rains in the western part 
of the 23 special wards and the southern part of Tama, 
as indicated by Figure 3[6]. Cumulonimbus clouds 
come out when air is heated on the ground or cold air 
exists in the sky near a front. The heavy rains came 
from cumulonimbus clouds emerging near the front as 
explained above. Figure 4 is a weather camera picture 
at noon on August 5.
   The JMA gave the following explanations about 
localized heavy rains observed at various points in 
Japan between late July and early September 2008: 
Westerlies that usually blow over Siberia snaked 
southward to the Japanese Archipelago and brought 
about cold air over Japan, while a warm-moist air 
current came from eastern waters into the lower layer 
of the atmosphere over the main Japanese island. 
Then, the atmosphere over the main island was 
destabilized. Well-developed cumulonimbus clouds 
then came out and brought localized, short-lived 
heavy rains. A research finding says westerlies tend 
to snake in East Asia in summer after higher spring 
temperatures in Eastern Siberia. This phenomenon 
might have emerged in the period.[8]
    Table 1 indicates major losses from localized heavy 
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図 1.2-13 アメダス地点で 1時間降水量が 50mm、80mm 以上となった年間の回数（1000 地点あたりの回数に換算）。
 
 
 
 
 
0
50
350
1976 198 1984 198 199 1 1998
・Annual number of heavy rain events
・Based on AMEDAS data at about1,300 points throughout Japan
・The number is per 1,000 points
A
nn
ua
l n
um
be
r o
f h
ea
vy
 ra
in
 e
ve
nt
s 
(p
er
 1
,0
00
 p
oi
nt
s)
Calendar year
1976 ～ 1987
average at 162
1988 ～ 1997
average at 177
1998 ～ 2007
average at 238
Figure 1 : Number of Heavy Rain Events with Hourly Precipitation of 50 mm or More (per 1,000 points)
Source: Reference[4]
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○全国59箇所において時間雨量の最高値を更新
◇平成20年の降雨の特徴
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北海道 夕張市 鹿島(ｶｼﾏ) 37.0 36.0 1.03
北海道 河東郡上士幌町 上士幌(ｶﾐｼﾎﾛ) 43.5 37.0 1.18
秋田県 男鹿市 男鹿真山(ｵｶﾞｼﾝｻﾞﾝ) 56.5 48.0 1.18
秋田県 秋田市 大正寺(ﾀﾞｲｼｮｳｼﾞ) 52.5 49.0 1.07
岩手県 久慈市 山形(ﾔﾏｶﾞﾀ) 62.5 60.0 1.04
岩手県 二戸郡一戸町 奥中山(ｵｸﾅｶﾔﾏ) 37.0 33.0 1.12
岩手県 奥州市 米里(ﾖﾈｻﾄ) 52.0 46.0 1.13
宮城県 伊具郡丸森町 丸森(ﾏﾙﾓﾘ) 69.0 58.0 1.19
山形県 東田川郡庄内町 狩川(ｶﾘｶﾜ) 67.5 63.0 1.07
福島県 双葉郡川内村 川内(ｶﾜｳﾁ) 64.5 54.0 1.19
福島県 いわき市 川前(ｶﾜﾏｴ) 63.0 63.0 1.00
福島県 南会津郡南会津町田島(ﾀｼﾞﾏ) 53.5 51.0 1.05
茨城県 筑西市 門井(ｶﾄﾞｲ) 57.5 53.0 1.08
群馬県 利根郡みなかみ町みなかみ(ﾐﾅｶﾐ) 56.0 51.0 1.10
群馬県 館林市 館林(ﾀﾃﾊﾞﾔｼ) 84.0 71.0 1.18
埼玉県 久喜市 久喜(ｸｷ) 77.0 62.0 1.24
東京都 八王子市 八王子(ﾊﾁｵｳｼﾞ) 63.0 62.0 1.02
東京都 府中市 府中(ﾌﾁｭｳ) 58.5 56.0 1.04
千葉県 我孫子市 我孫子(ｱﾋﾞｺ) 105.0 73.0 1.44
山梨県 大月市 大月(ｵｵﾂｷ) 79.0 55.0 1.44
静岡県 富士市 富士(ﾌｼﾞ) 112.5 88.0 1.28
静岡県 榛原郡川根本町 川根本町(ｶﾜﾈﾎﾝﾁｮｳ 83.5 79.0 1.06
愛知県 一宮市 一宮(ｲﾁﾉﾐﾔ) 120.0 76.0 1.58
愛知県 岡崎市 岡崎(ｵｶｻﾞｷ) 146.5 55.0 2.66
愛知県 蒲郡市 蒲郡(ｶﾞﾏｺﾞｵﾘ) 71.5 67.0 1.07
岐阜県 高山市 六厩(ﾑﾏﾔ) 73.0 54.0 1.35
岐阜県 下呂市 宮地(ﾐﾔｼﾞ) 88.0 59.0 1.49
新潟県 新潟市西蒲区 巻(ﾏｷ) 49.0 45.0 1.09
新潟県 妙高市 関山(ｾｷﾔﾏ) 46.5 43.0 1.08
富山県 氷見市 氷見(ﾋﾐ) 68.5 51.0 1.34
富山県 富山市 大山(ｵｵﾔﾏ) 62.5 53.0 1.18
富山県 南砺市 南砺高宮(ﾅﾝﾄﾀｶﾐﾔ) 62.0 54.0 1.15
富山県 富山市 猪谷(ｲﾉﾀﾆ) 52.5 49.0 1.07
石川県 白山市 白山白峰(ﾊｸｻﾝｼﾗﾐﾈ 53.0 48.0 1.10
福井県 福井市 越廼(ｺｼﾉ) 67.5 50.0 1.35
福井県 勝山市 勝山(ｶﾂﾔﾏ) 58.5 50.0 1.17
福井県 大野市 大野(ｵｵﾉ) 64.5 50.0 1.29
滋賀県 東浅井郡虎姫町 虎姫(ﾄﾗﾋﾒ) 50.5 49.0 1.03
京都府 京丹後市 峰山(ﾐﾈﾔﾏ) 81.0 47.0 1.72
京都府 宮津市 宮津(ﾐﾔﾂﾞ) 71.0 52.0 1.37
大阪府 枚方市 枚方(ﾋﾗｶﾀ) 71.5 68.0 1.05
兵庫県 三田市 三田(ｻﾝﾀﾞ) 57.0 54.0 1.06
兵庫県 三木市 三木(ﾐｷ) 59.0 57.0 1.04
岡山県 笠岡市 笠岡(ｶｻｵｶ) 46.5 36.0 1.29
広島県 広島市安佐北区 三入(ﾐｲﾘ) 62.0 60.0 1.03
広島県 東広島市 河内(ｺｳﾁ) 88.5 59.0 1.50
広島県 福山市 福山(ﾌｸﾔﾏ)＊ 93.0 73.3 1.27
鳥取県 岩美郡岩美町 岩井(ｲﾜｲ) 48.0 48.0 1.00
鳥取県 鳥取市 佐治(ｻｼﾞ) 67.0 51.0 1.31
徳島県 海部郡美波町 日和佐(ﾋﾜｻ) 96.0 92.0 1.04
愛媛県 西条市 西条(ｻｲｼﾞｮｳ) 69.0 55.0 1.25
高知県 安芸市 安芸(ｱｷ) 83.0 74.0 1.12
山口県 萩市 須佐(ｽｻ) 60.0 55.0 1.09
佐賀県 嬉野市 嬉野(ｳﾚｼﾉ) 83.5 72.0 1.16
宮崎県 東臼杵郡椎葉村 上椎葉(ｶﾐｼｲﾊﾞ) 62.5 60.0 1.04
宮崎県 都城市 都城(ﾐﾔｺﾉｼﾞﾖｳ)＊ 76.5 73.5 1.04
鹿児島県 薩摩川内市 川内(ｾﾝﾀﾞｲ) 75.5 71.0 1.06
鹿児島県 霧島市 溝辺(ﾐｿﾞﾍﾞ) 81.5 81.0 1.01
鹿児島県 南さつま市 加世田(ｶｾﾀﾞ) 77.0 68.0 1.13
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出典：参考文献 5) 
出典：参考文献 4) 
図表―2 
図表―3 2008 年 8 月 5 日日降水量分布図 
図表―4  8 月５日午後０時の 
気象衛星画像 
出典：参考文献 6) 
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Demolished Half destroyed
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above floor 
level
Inundation 
below floor 
levelHeavily Lightly
July 28 6 1 12 6 16 61 536 2464
August 5 5 54 153
August 31 3 3 5 1 18 1678 8071 178
2.6 -fold
Earlier record
New record
Figure 2 : Meteorological Observation Points Rewriting Maximum Hourly Precipitation Records 
(from January 1 to August 31, 2008) Source: Reference[4]
Figure 3 : Precipitation Map for Tokyo on August 5, 2008
Source: Reference[6]
Figure 4 : Weather Camera Picture at noon on 
August 5, 2008
Source: Reference[6]
Table 1 : Damage Brought by Localized Heavy Rains in 2008
Prepared by the STFC based Reference[9]
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rains in 2008. On July 28, extra-heavy rains occurred 
on the Toga River basin, boosting the river’s water 
level by 1.34 meters in only 10 minutes. Five people, 
including infants, were washed away and killed 
then. Rains from cumulonimbus clouds rapidly grow 
heavier, boosting water levels quickly for urban fast-
flowing rivers as well as shorter rivers with narrower 
basins to cause heavy losses.
Cumulonimbus Clouds Bringing 
Heavy Rains
3-1  Development of Cumulonimbus Clouds
   Figure 5 indicates a conceptual diagram of the 
development of a cumulonimbus cloud bringing heavy 
rains.
    The darker-shaded area of the cloud (cumulonimbus 
cloud) in Figure 6 represents the precipitation cell that 
brings heavy rains. Precipitation does not occur even 
if upward air currents cause rain particles during the 
cloud-development phase. In the maturity phase, rain 
particles grow larger and begin to precipitate. Then, 
the resistance force drives down surrounding air to 
cause downward currents. The cumulonimbus cloud 
then enters an occlusion phase with the precipitation 
cell disappearing. The cumulonimbus clouds feature a 
very short time between the start of its formation and 
precipitation.
3-2  Multi-cell Type
   A cumulonimbus cloud with multiple precipitation 
cells is described as a multi-cell type. Multi-cell 
cumulonimbus clouds include “organized multi-cell” 
clouds in which multiple cells line up regularly and 
repeat their development, maturity and occlusion in 
an orderly manner over several hours. Organized 
multi-cell cumulonimbus clouds include the back-
building type that features precipitation cells formed 
at the cloud tail, one after another. This is the type of 
cumulonimbus cloud seen frequently for localized 
heavy rains in Japan.
3-3  Super-cell Type
   Cumulonimbus clouds that spin and are sustained 
for a long period of time are called super-cell. Super-
cell cumulonimbus clouds cause severe weather 
phenomena including tornadoes, windblasts and 
hailstones. A super-cell cumulonimbus cloud, though 
with a single cell, is as large as a multi-cell cloud.
マルチセル型
複数のセル（細胞）で構成された積乱雲
発生・発達・消滅が繰り返される
バックビルディング型（マルチセル型の一種）
システム全体として停滞し，強い雨が集中する
Occlusion phase of older 
cumulonimbus cloud Multi-cell Type
Horizontal distance
New cells are 
formed one 
after another.
対流セルの一生（概念図）
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Rain intensity
HeavyLight
A parent cloud for tornadoes, windblasts and hailstones.
Strong 
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Figure 5 : Conceptual Diagram of Cumulonimbus Cloud’s Life
Reference[7] as modified partially by the STFC
Figure 6 : Classification of Cumulonimbus Clouds 
(of the multi-cell type)
Reference[7] as modified partially by the STFC
Figure 7 : Classification of Cumulonimbus Clouds 
(super-cell type)
Reference[7] as modified partially by the STFC
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Rain Observation
   Research into the mechanism for localized heavy 
rains has made progress as explained above. But any 
imminent localized heavy rains are still considerably 
difficult to forecast. The realities of the phenomenon 
must be grasped more precisely. Observation must be 
conducted to precisely grasp localized heavy rains, 
and peripheral or relevant phenomena. Technologies 
for such observation are under development.
4-1  Radar Rain Observation 
   The most effective means for observing rains is the 
radar. The radar stands for radio detection and ranging 
and indicates a device to detect some targets and 
measure distances with radio waves. Generally, a radar 
system for rain observation uses a spinning antenna to 
transmit directional pulse radio waves and receive these 
radio waves (radar echoes), returning after hitting rain 
particles and scattering. The time between the radio 
wave transmission and reception is used for measuring 
the distance and the received power for estimating the 
intensity of rains. Radio waves may weaken through 
scattering and absorption through rains. This is called 
radio wave attenuation through rains. Degrees of 
radio wave attenuation differ depending on radio 
wave frequencies. Higher radio wave frequencies may 
lead to greater attenuation. Strengths of radio waves 
returning after hitting targets are proportionate to the 
sextuple of a rain particle diameter per unit volume. 
This is called a radar reflection factor (unit: mm6/m3).
   A wide range of frequencies from several megahertz 
to 100 gigahertz are used for radio waves transmitted 
from radar systems. While the basic principles of radio 
wave propagation and radar performances remain 
unchanged at any frequency, the radar configurations 
and observation targets widely differ depending on 
frequencies. Basically, longer wavelengths or lower 
frequencies are suitable for far distant large observation 
targets, while shorter wavelengths or higher 
frequencies are useful for detecting very small targets 
within short ranges[11]. Table 2 indicates the range of 
radio wave frequencies used for meteorological radars 
for rain observations and their features.
(1) 2.8 GHz-band Radar (S-band Radar)
   This frequency band features less radio wave 
attenuation through rains and longer observation 
distances. This band has been heavily used in lower-
latitude (tropical) regions, where locations for radars 
are limited due to heavy precipitation and dominant 
sea waters.[11] In the past, Japan had used this band 
for the Mt. Fuji radar to observe offshore typhoons 
within a radius of up to 800 km. As meteorological 
satellites are used for wide-range typhoon observation 
at present, however, this band is no longer used for 
weather observation.
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図表－１0 に降水観測用の気象レーダーに使われる周波数帯とその特徴を示す。 
 25 
 
 
 
 
 30 
 
 
 
 
 35 
 
図表―10 気象レーダーの周波数帯
図表―9 気象レーダー観測の概要 
出典：参考文献 10)を基に科学技術動向研究センターにて作成 
出典：参考文献 9) 
出典：参考文献 6)を科学技術動向センターで一部修正)
Reflected radio waves indicate precipitation intensity 
and rain particle movement for observation.
The time between the transmission and return of 
radio waves is used for measuring a radar station’s 
distance with rain or snow clouds.Radar
A spinning antenna 
covers all directions.
Radio waves reflected 
from larger particles are 
stronger. The frequency 
changes depending on 
how particles move.
Rain or snow particles
Enlarged
Transmitted radio waves
Rain or snow
Cloud br ing ing 
rain or snow falls
Figure 8 : Overview of Weather Radar Observation
Source: Reference[10]
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(2) 5.3 GHz-band Radar (C-band Radar)
   This frequency band features the second smallest 
radio wave attenuation through rains after the 2.8 GHz 
band and has heavily been used in middle-latitude 
countries and Europe.[11] In Japan, the frequency band 
has been used for weather radars of the JMA and 
radar rain gauges of the River and Road Bureaus at 
the Ministry of Land, Infrastructure, Transport and 
Tourism. 
    The JMA has established 20 radars to monitor rains 
throughout Japan. They include nine standard weather 
radars using echo strengths for observing rains and 
11 radars that have Doppler functions. In fiscal 2008, 
the JMA launched a project to develop five standard 
radars into Doppler systems. A Doppler radar uses 
the Doppler effect of radio waves to measure the 
velocity of precipitation particles to grasp a fine 
three-dimensional wind distribution within each 
precipitation area. Data collected through the radars 
are used for tornado advisories and numerical weather 
prediction models. The maximum observation radius 
is 400 km, the observation interval is 10 minutes 
and the planar resolution is a 1-km mesh. Radar rain 
observation data are corrected with ground rain gauge 
data. The JMA plans to halve the observation interval 
to five minutes. 
   The MLIT has established 26 radar rain gauges for 
river and road management throughout Japan. The 
maximum observation radius ranges from 200 km to 
300 km. Within a 120-km radius, the radar rain gauge 
can perform quantitative rain observation. The radar 
covers a precipitation intensity range of 1 mm/h to 250 
mm/h. Radar rain observation data are corrected with 
ground rain gauge data. The observation interval is five 
minutes and the planar resolution is a 1-km mesh.[12]
   Data from radar rain gauges are made available 
along with MLIT-held disaster-prevention information 
on the website of the MLIT Information Service 
Center for Disaster Prevention[13] (managed by the 
JMA). Data from weather radars are published along 
with other weather information through the JMA 
website. Observation data from MLIT radar rain 
gauges and JMA weather radars are used as “analyzed 
precipitation data”[14] for very short-range and 
“Nowcast” precipitation forecasts. 
(3) 9.5 GHz-band Radar (X-band Radar)
   Radars in this band feature conspicuous radio wave 
attenuation in the event of heavy rains and are not 
suitable for wide-area rain observation. As these radars 
are relatively smaller, however, they are widely used as 
marine radars for ships. Radars in this band can also be 
made at lower costs than those in other bands and have 
been used frequently for research purposes as well.[11] 
Some urban local governments – Tokyo Prefecture, 
Saitama Prefecture, Yokohama City, Kawasaki City, 
Osaka City and Kobe City – have also used radars in 
this band for rain observation to secure accurate control 
of sewerage facilities and early disaster-prevention 
measures in heavy rain events. Particularly, these urban 
local governments want fine-tuned precipitation data to 
address urban floods. These data are published through 
these governments’ websites as disaster-prevention 
information for local residents. 
Representative 
frequency
Representative 
wavelength Frequency band
Maximum 
observation range Band Features
2.8GHz 10.7cm 2.7 ～ 3.0GHz About 200 km or more S
Radio wave attenuation through rains is limited. Radars in this band 
are used for wide-area precipitation observations. The maximum 
observation radius is 800 km.
5.3GHz 5.7cm 5.25 ～ 5.35GHz About 200 km
C
Radars in these bands are used for precipitation observations.  These 
bands feature the second smallest radio wave attenuation through 
rains after the 2.8 GHz band.5.6GHz 5.4cm 5.60 ～ 5.65GHz About 200 km
9.5GHz 3.2cm 9.3 ～ 9.7GHz About 60 km X
Radars in this band are used for rain and snow observations. They are 
not suitable for wide-area observations since radio wave attenuation 
is conspicuous through heavy rains. A radar system for this band is 
relatively smaller and cheaper.
13.8GHz 2.2cm 13.8GHz Satellite-mounted Ku
35GHz 0.86cm 34.5 ～ 35.5GHz About 30 km Ka
Radars in these bands are not suitable for precipitation observations 
since radio wave attenuation through heavy rains is greater. 
95GHz 0.32cm 94.5 ～ 95.5GHz About 10 km W
Table 2 : Radio Wave Frequency Bands for Weather Radars
Prepared by the STFC based Reference[11]
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   Next, I would like to introduce the Tokyo 
Met ropol it an Gover nment’s Tokyo Amesh 
radar system as an example.[15] The metropolitan 
government’s Bureau of Sewerage introduced the 
system in fiscal 1988 to control sewage facilities, 
including pumping stations and water reclamation 
centers. The existing system was updated in fiscal 
2001, consisting of two radar stations, 86 ground 
rain gauges for correction of radar observation 
data, and terminal stations. Since fiscal 2007, the 
Tokyo Metropolitan, Saitama Prefecture, Yokohama 
Municipal and Kawasaki Municipal governments 
have opened their rain observation data to each other 
to improve observation coverage and accuracy. As 
indicated by Figure 9, the observation meshes include 
a 250-m mesh and a 500-m mesh covering fine-tuned 
precipitation data. These data are published through 
the website of the metropolitan government’s Bureau 
of Sewerage.
(4) 35/95 GHz-band Radars (Ka-band and 
W-band Radars)
   Radars in these bands feature even greater 
attenuation of radio waves through rains and are 
not suitable for rain observation. But they are useful 
for observing clouds and fogs with smaller particle 
sizes[11].
    Since heavy rains from cumulonimbus clouds come 
soon after cloud formation starts, as explained in 
Chapter 3, Ka/W-band radars that can detect clouds 
are useful for monitoring heavy rains. But these 
radars’ observation radius is limited to only 30 km. 
The problem is that many radar stations would have 
to be constructed for actual observation. The National 
Research Institute for Earth Science and Disaster 
Prevention completed a radar system of this kind in 
2000 for research into the formation of cumulonimbus 
and other clouds and into artificial snowfalls.[16]
4-2   New Radar Observation Methods
    Weather radars and radar rain gauges in the 5.3 GHz 
band and local governments’ radars for controlling 
sewage facilities in the 9.5 GHz band adopt the same 
precipitation-observation method to estimate the rain 
intensity with amplitude information (reflectivity 
factors) of radio waves reflected from rain particles. 
Under the method, 10 to 15 minutes are required to 
establish the correlation between radar and ground 
rain gauge data to secure data accuracy. Since rains 
brought by cumulonimbus clouds can grow heavier in 
Observation mesh size:
A square 250 m on a side for the dark gray part
A square 500 m on a side for the light gray part
A square 1,000 m on a side for the other part
*Including observation data from Saitama Prefecture, Yokohama City and Kawasaki City
Figure 9 : Tokyo Amesh Observation Mesh Size
Source: Reference[15]
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10 to 15 minutes, the rain detection time may have to 
be shortened. As a solution, a multi-parameter radar is 
under research and development.
   A conventional weather radar transmits radio 
waves in a single band and observes amplitude data 
of waves reflected from rain particles to estimate the 
rain intensity. The multi-parameter radar measures 
gaps between amplitude data of radio waves in two 
bands reflected from rain particles and their phase 
information, in order to acquire several types of 
parameters altogether. The multi-parameter radar 
adopts the horizontal and vertical polarized waves, the 
transmission of 45-degree linearly polarized waves 
and the simultaneous reception of horizontal and 
vertical polarized waves, or two types of radio waves 
with different wavelengths. 
    As an example, I would like to introduce a multi-
parameter radar that the National Research Institute 
for Earth Science and Disaster Prevention developed 
in 2000. The radar features a double-polarized wave 
transmitter using horizontal and vertical polarized 
waves[16]. As indicated by Figure 10, rain particles 
grow larger as rains become heavier. The particles also 
grow flatter in shape due to a greater air resistance 
upon their falling. Changes in shape cause a radar-
reflectivity factor and phase differences as horizontal 
and vertical polarized waves have different scattering 
characteristics. Reflectivity factors differences may 
be used for obtaining the ZDR reflectivity difference 
and phase differences for calculating the KDP phase 
difference between polarized waves. As a result, 
detailed data about rain particle sizes are made 
available for estimating the rain intensity more 
accurately. The ZDR reflectivity factor difference is 
obtained from a gap between strengths of horizontal 
and vertical polarized waves and can be affected by 
the attenuation of waves through rains. But the KDP 
phase difference between polarized waves, which 
is obtained from phase differences, may remain 
unaffected by such radio wave attenuation.
   Figure 11 compares rain intensities obtained from 
conventional radar reflectivity factors (ZH) (R-ZH 
relationship) and those from multi-parameter radar KDP 
data (R-KDP relationship) with intensities indicated by 
ground rain gauges. Under the R-ZH relationship, the 
radar reflectivity factor is multiplied by the constant 
number of rain particle size distribution as obtained 
from many rain cases to estimate rain intensities. 
Therefore, the estimates can easily be affected by 
fluctuations in the rain particle size distribution, 
resulting in large estimation errors. In contrast, the 
R-KDP relation, which uses the KDP phase difference 
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現在、気象研究所では予測精度向上のため次の研究に取り組んでいる。 
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図表―14 数値予報モデル比較 
出典：参考文献 19) 
 
図表―13 雨滴の形状変化 
出典：参考文献 14) 
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図表-11 観測範囲図 
出典：参考文献 13) 
図表―12 推定降雨強度比較 
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(b)  Comparison of Estimates Based on R-KDP Relationship 
and Ground Rain Gauges
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Figure 10 : Changes in Rain Particle Shape
Source: Reference[16]
Figure 11 : Comparison of Rain Intensity Estimates Based on Radars and Ground Rain Gauges
Source: Reference[16]
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between comparative polarized waves to directly 
obtain rain particle data from the phase difference, is 
little affected by the rain particle size distribution.
   Graph (a) compares rain intensity estimates obtained 
under the R-ZH relationship on the longitudinal 
axis and those from ground rain gauges on the 
horizontal axis. The wide data spread indicates that 
rain intensity estimates under the R-ZH relationship 
is affected largely by fluctuations in the rain particle 
size distribution. Graph (b) compares rain intensity 
estimates obtained under the R-KDP relationship on 
the longitudinal axis and those from ground rain 
gauges on the horizontal axis. The data spread in 
Graph (b) is narrower than in Graph (a), indicating 
that the estimates under the R-KDP relationship are 
less affected by fluctuations in the rain particle size 
distribution. Graph (b) also shows a close correlation 
between rain intensity estimates from radars and 
ground rain gauges. The multi-parameter radar 
directly handles rain intensity estimates based on 
radar observation parameters and can detect and 
address localized heavy rains more promptly and 
precisely.
   The National Research Institute for Earth Science 
and Disaster Prevention has adopted the X band for its 
multi-parameter radar. Conventional X-band radars 
are not suitable for observing heavy rains because 
radio waves in this band attenuate through rains. But 
this X-band multi-parameter radar can be used even 
amid heavy rains. The radar’s observation radius is up 
to 80 km. The planar resolution is a 500-m mesh. The 
observation interval is five minutes.
   Meanwhile, C-band weather radars and radar rain 
gauges may be combined with double-polarized wave 
transmitters to effectively observe rapidly developing 
rainstorms. The National Institute of Information and 
Communications Technology developed a C-band 
polarized-wave radar, named NICT Okinawa Bistatic 
Polarimetric Radar (COBRA), in 2002 and has 
continued observation and research with the radar[17]. 
Three radar rain gauges in the Kyushu Region have 
been modified one after another into double-polarized 
wave radars since 1994 for ZDR method observations. 
Technological advancement through the development 
of double-polarized wave radars by the National 
Research Institute for Earth Science and Disaster 
Prevention and the National Institute of Information 
and Communications Technology has contributed to 
increasing data and improving observation accuracy. 
The first double-polarized radar was updated with the 
KDP method added to the ZDR method in fiscal 2008 
for test operations from fiscal 2009, before full-fledged 
operations were planned to start in fiscal 2011.
   Conventional weather radars mechanically 
rotate parabola antennas to gradually change radio 
wave transmission angles for sterical observation, 
consuming five to 10 minutes for observation. High 
temporal resolution radars must be developed to 
observe localized surprise atmospheric phenomena. 
A phased-array system for electronic beam scanning 
will be effective for solving the time-consumption 
problem. The system uses a f ixed antenna to 
promptly change beaming directions, reducing time 
consumption for observation. In five years from 
fiscal 2008 under an industry-academia-government 
project, the National Institute of Information and 
Communications Technology plans to develop a 
phased-array radar to observe an area within a radius 
of 30 km with a space resolution of 100 m or less 
within 10 seconds.[18]
   In addition to the C-band radar rain gauge system, 
the MLIT plans to develop X-band multi-parameter 
radar systems in Japan’s three major metropolitan 
regions, where localized heavy rains or intense 
rainstorms could bring about great disasters. It intends 
to use these systems to enhance its surveillance on 
heavy rains and better control rivers from 2010.[19, 20]
Precipitation Forecast
    The JMA provides short-term precipitation forecasts 
under the names of the “Very Short-range Forecast of 
Precipitation” and the “Precipitation Nowcasts.” The 
Very Short-range Forecast provides forecasts of hourly 
precipitation amounts for the next six hours with a 
spatial resolution of 1 km by combining precipitation 
area movement speeds obtained from analyzed 
precipitation data with forecast precipitation amounts 
based on numerical predictions, as well as geographic 
data affecting development and occlusion of nimbus 
clouds.
   The Precipitation Nowcasts, as a prompter 
information service, provide 10-minute precipitation 
forecasts for the next one hour every 10 minutes 
and are used for monitoring precipitation from 
cumulonimbus clouds that develop in 10 to 15 
minutes. The effects of geographical landscapes, and 
cloud formation and development are skipped to allow 
5
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data to be published within five minutes from their 
observation.[21]
    Both the Very Short-range Forecast of Precipitation 
and the Precipitation Nowcasts provide short-
term forecasts based on present precipitation data. 
Although the JMA may ideally be required to predict 
precipitation events before such events come, the 
mechanism for the formation and development of 
cumulonimbus clouds and precipitation has yet to be 
clarified completely. Numerical prediction technology, 
which physically forecasts meteorological changes, can 
provide forecasts of precipitation for prefectural and 
other wide areas. But it is difficult at present to give 
precipitation predictions in a pinpointed manner. The 
JMA Meteorological Research Institute has been trying 
to clarify mechanisms for rainstorms, heavy snowfalls, 
typhoons and other meso-scale weather phenomena 
and develop technology for their predictions. 
   As an example of recent improvements in 
weather forecast technology, I would like to cite the 
replacement of a supercomputer in March 2006 to 
improve computation capacity and reduce the lattice 
spacing of the numerical prediction model from 10 
km to 5 km. Around 5 a.m. on July 19, 2003, heavy 
rains with precipitation exceeding 100 mm per hour 
were observed in Dazaifu, Fukuoka Prefecture. Figure 
12 compares the new and old numerical prediction 
models and actual data. Figure (a) is an actual 
precipitation map (based on analyzed radar AMEDAS 
precipitation data) for one hour before 6 a.m. on July 
19. Figure (b) is a forecast precipitation map for 6 a.m. 
on July 19, given 15 hours ago at 3 p.m. on July 18, 
under the new model with the lattice spacing at 5 km. 
Figure (c) is a forecast precipitation map for the same 
time under the old model with the lattice spacing at 
10 km. The new model with the lattice spacing at 5 
km could predict heavy rains that the old model with 
the spacing at 10 km could not forecast, indicating 
the improved accuracy of the prediction. The forecast 
under the new model is closer to the actual situation. 
The advancement of weather forecast technology 
included not only the improvement of the horizontal 
resolution from 10 km to 5 km for the new model 
but also the enhancement of the precision of data for 
vertical air movements and the precipitation process.[22]
   The advancement of the numerical prediction 
model can improve the precision of forecasts. The 
numerical prediction model is a program that divides 
the atmosphere into lattices three-dimensionally 
and gives each lattice point atmospheric condition 
data, including pressure, temperature and moisture 
content, for computation for the numerical prediction 
of future atmospheric conditions. In order to develop 
a more reproducible numeral prediction model, actual 
phenomena will have to be reflected in the numerical 
prediction model more accurately. To this end, the 
precipitation mechanism will have to be clarified.
   In a bid to advance numerical prediction models, 
the JMA Meteorological Research Institute has been 
trying to clarify the precipitation mechanism by using 
numerical models for reproduction computation and 
conducting numerical analyses of more reproducible 
models. When the latest data including air pressure, 
temperature, wind and moisture content are given to 
each lattice point for numerical predictions, the latest 
predicted data, and spatially and temporally uneven 
observation data are used with considerations given 
to their error margins to obtain optimum analytical 
data that are physically consistent as lattice point data. 
The technology to secure the consistency of predicted 
and observed data and incorporate consistent data 
into numerical prediction models is called “data 
新メソ数値予報モデルによる予報例 
 
1. 太宰府での豪雨事例 
平成15年７月19日5時頃太宰府市で1時間に100mmを超える豪雨が観測されました。
図 1に、７月 18日午後 3時を初期値とする 19日午前 6時の予報（15時間予報）を示しま
す。旧メソ数値予報モデル（MSM）（図 1 右）では同じ時刻の実況（図 1 左）と比べ、強
雨をほとんど予想できませんでしたが、新MSM（図 1中）では九州北部に強い降雨帯を予
測することができました。
図 1 平成 15年 7月 19 日午前 6時までの前 1時間降水量。左：実況（レーダー・
アメダス解析雨量）、中：新MSM、右：旧MSM。
2.  降雪の事例 
平成 16年 1月 13日から 14日にかけて、冬型の気圧配置となって、主に日本海側で降雪
が観測されました。図 2に、1月 13日午前 9時を初期値とする 14日午前 3時の予報（18
時間予報）を示します。実況（図 2左）と比較すると、旧MSM（図 2右）では降雪域が風
上側にずれた場所に予測され、量も過剰になっています。新MSM（図 2中）では岐阜県北
部、群馬県・栃木県の北部、宮城・山形県境付近など、場所・強度ともにより実況に近い
予測になっています。これは、雪が風に流される効果を考慮しているからです。
図 2 平成 16年 1月 14日午前 3時までの前 3時間降水量。左：実況（レーダー・ア
メダス解析雨量）、中：新MSM、右：旧MSM。
旧 MSM新 MSM実況
旧 MSM新 MSM実況Actual data
(a) (b) (c)
New model  Old model
Figure 12 : Comparison of New and Old Numerical Prediction Models and Actual Data
Reference[22] as modified partially by the STFC
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assimilation.” Since the accuracy of predictions 
given by numerical prediction models depend on the 
accuracy of data for initiating predictions, research 
efforts to improve the data assimilation technology are 
also important.
   Numerical prediction models can indicate a 
meteorological phenomenon that is more than 
five times as large as the lattice spacing. Smaller 
lat t ice spacing may allow more phenomena 
to be indicated. Unless physical processes of 
meteorological phenomena are made suitable for 
lattice spacing, however, smaller lattice spacing 
alone may not necessarily improve the accuracy 
of predictions. A smaller lattice spacing may bring 
about a greater number of lattice points to increase 
data for computation. The lattice spacing for JMA-
used numerical prediction models is now at 5 km. 
Cumulonimbus cloud sizes range from a few km to 
10 km and may fail to be fully covered by a 5 km 
lattice. Given its supercomputer replacement planned 
for 2011, the JMA plans to initiate localized numerical 
prediction models with the lattice spacing reduced 
to 2 km by 2012.[23] The advancement of observation 
equipment and numerical prediction models is 
increasing the possibility of localized heavy rains 
being predicted.
Conclusion
    Global warming is feared to bring about an 
increase in the frequency of heavy rain events. The 
Cabinet Office and other administrative organizations 
and research institutes responsible for rain disaster 
prevention are required to advance precipitation-
observation technology and enhance disaster-
prevention measures.
   In nature, meteorological phenomena can be 
explained by laws of physics. Using the laws are 
numerical predictions as the core of weather forecasts. 
As actual meteorological phenomena are affected 
by many factors, however, localized heavy rains as 
a minor part of large atmospheric phenomena have 
failed to be reproduced by numerical predictions. In 
order to address the situation, Japan should develop 
more precise observation equipment, conduct fine-
tuned observation, accumulate observed data and 
promote research and development of technology for 
precise indication of physical law based on these data.
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